Dariyan (Shuaiba) Formation is one of the main reservoir units in the Persian Gulf and South Western Iran. The microfacies and depositional environment of this formation is been investigated in the current study and influencing factors in reservoir characteristics have been discussed for Dariyan reservoir in the Soroush oil field. Facies analysis conducted on core and cutting samples indicated that Dariyan Formation is mainly deposited on a carbonate ramp setting with a shallow intra shelf basin. In addition, it has been demonstrated that facies changes reflect the main controls of the tectonic and climate (sea level fluctuations) during the deposition of these sediments. To determine the reservoir unites in this formation, 5 electrofacies were determined by neural network method that it is using different petrophysical logs (i.e. GR, PHIE and SWE). Using rock typing as the best way to establish an association between the various collected data (e.g. logs and cores) and geological descriptions 4 hydraulic flow units or rock types, determined on the basis of the Flow Zone Indicator (FZI) method in the Dariyan Formation of the Soroush field. Establishing a correlation between microfacies and rock types, the carbonate zones with moderate to good reservoir properties and also the intervals with the highest reservoir quality were determined.
and Soroush oilfields. Furthermore, there are hydrocarbonic reserves in the oil fields located in southern Dezful Embayment. As applied to the Shuaiba Formation, the Dariyan Formation is extended to the neighboring countries as described below:
1) The Shuaiba Formation in the south of Iraq: a 79.8 m thick type section was detected in Zobair Well Ш in the Shuaiba Formation. These Carbonates are limited to a shallow to medium marine environment with a destructive reserve. The lower boundary is consistent with Zobair Formation, while the upper boundary is inconsistent with Nahr Omr Formation [12] .
2) The Shuaiba Formation in Bahrain: in its base, the formation consists of argillitic limestone replaced by the fine limestone with fine porosity at the top. In this section, there is a plenty of recrystallized limestone, and occasional cases of the dolomitic limestone covered with a fine porosity at the top [12] .
3) The Shuaiba Formation in the United Arab Emirates: the above formation shows an internal shelf basin and a stable Craton shelf margin. A continental slope facies, a typical (almost) dense wackestone/mudstone argillitic limestone, and a shale with some grain supported sediments were deposited in the Formation [13] .
4) The Shuaiba Formation in Qatar: Around 132 m thick, Shuaiba Formation in Qatar bears resemblance to that of the United Arab Emirates. In Qatar coastal line, it consists of fine-grained limestone with fine porosity and organic debris that form a part of recrystallization. Sometimes, dolomitization is in the form of offshore sedimentary cycle that includes four units [12] .
Materials and Methods
At first, the recovered core samples are gamma scanned for depth matching with well logs (GR log). After core-log depth matching, the cores have been studied and logged sedimentologically in two steps. The first step was a quick-look analysis (macroscopic studies) of the un-slabbed cores. All drilled cores have a diameter of 10 cm (4 inches), makes it possible to see small-scale sedimentary and diagenetic features (such as stylolites, lamination and etc.) and facies changes. Based on the quick-look sed.-log and client comments, the cores were sampled closely (with 0.3 m spacing) using the plugging method and core chips sampling. Nearly 550 samples were taken in this order. Standard thin sections prepared from these samples were used for petrographic analysis.
During the second step, detailed microfacies and palaeoenvironmental analysis have been done on thin sections to interpret the depositional environment of the Dariyan Formation. Microfacies criteria developed mainly by Wilson (1975) and Flugel (1982 and 2004) have been used in this study for defining the microfacies and Dunham classification system [14] was used for naming context facies. Particular attention was paid to lithology, texture, faunal and allochems content, bedding surfaces, pore types and diagenetic processes (especially fracturing, compaction) in cores and thin sections.
For reservoir characterization and rock typing, we used an integrated approach. In this approach, the electrofacies based on petrophysical logs were determined. Then, the hydraulic flow units (HFU's) were identified firstly using a flow zone indicator. In the next step, relationships between the petrographical and petrophysical properties were evaluated for each facies based on porosity-permeability cross-plots. Finally, we established the relationships between reservoir properties of facies and HFU's (rock types).
Results and Discussion
Based on the petrographic thin sections in the Dariyan Formation, the significant facies types in the Soroush oilfield were classified as follows: 1) MF1 Plagic Marls Description: This microfacies is characterized by its marl lithology and lamination together with pelagic fauna (particularly Globigerinid and Hedbergella). Subordinately, the silt-grade quartz and bioclast grains are present. In the core samples, the facies has greenish grey or dark color and contains pyrite minerals (as burrow fillings, framboidal or other forms). Inebioturbation and burrowing are the other characteristics of the facies, which is the faciesindeed mudstone with varying clay contents. It is recognized by relatively high readings in the GR log. The facies shows different degrees of dolomitization, and it is completely dolomitized in some parts (Figure  2(a) ).
Interpretation: The occurrence of pelagic fauna (such as Globigerinids and Hedbergella), lamination and marl lithology are manifestations of deep sedimentation. Absence of benthic fossils, presence of silt-grade quartz grains and lamination, and paucity of bioturbation all denote quiet-water conditions below storm-wave base [15] - [17] .
The occurrence of pyrite in dark grey marl intervals records anaerobic reducing conditions and oxygendepleted conditions. Such facies type is typical of a basinal environment and sediment starved conditions. These facies are often composed of relatively monotonous successions with few diagnostic sedimentological characteristics [15] .
2) MF2 Microbioclastic Mud/Wackestone Description: Main components of the facies (less than 20% frequency) are microbioclastic grains, floated in micrite (biomicrite). These are mainly echinoderm debris and minorly rudist debris, uncertain bioclast debris with sponge and brachiopod spines and foraminifers (Orbitolina, Textularid, Valvulinid, Cyclaminid, Choffatella, Nodosaria). Micropeloids and silt-grade quartz are also seen as accessory grains. Depositional textures of the facies range from mud-to wackestone (mud-supported) or calcisiltite. It is finely bioturbated and has grey color in the cores. Lithology of the facies varies from limestone to argillaceous limestone and dolomite. Lamination and other current-related structures are not developed. Dissolution seams are the main diagenetic features in the facies. Traces of pyrite crystals are also scattered in the matrix (Figure 2(b) ). [18] . The fine bioclasts and enrichment in echinoderm fragments point to reworking by agitated waters (storm waves). These bioclasts may have been derived from shallower mid-ramp settings. The facies is interpreted to have been deposited in outer ramp settings below the storm wave base. It may be correlated with SMF-2 and RMF-4 of Wilson (1975) and Flugel (2004) .
3) MF3 Micropeloid Wacke/Mudstone Description: Micropeloids, floated in the limy mud, are main allochems of the facies. Dispersed, minor constituents are microbioclasts (echinoderm, rudist, mollusk, and uncertain skeletal debris), foraminifers (Orbitolina, Textularid, Choffatella) and silt-grade quartz. The facies is very similar to the MF-2. Wackestone textures are prevailing, but there are also cases of local mudstone occurance (Pelmicrite texture sensu) [19] . The lithology ranges from limestone to argillaceous limestone. Fine bioturbation and massive structures are common. In the core samples, the facies has a dense nature and a grey color. Pyrite crystals and compaction features (dissolution seams) are present in the facies. Filled fractures by calcite cements are also present (Figure 2(c)) .
Interpretation: Lack of current-related sedimentary structures, fine-grained nature, high mud content, and micropeloid components (or pelmicrite) prove the low energy conditions during sedimentation of the facies.
The minor presence of benthic faunal elements (predominantly echinoderm debris) and facies associations all bear testimony to the presence of open marine settings [15] [16] [18] . The facies is equivalent of Wilson's (1975 
The facies is believed to be deposited in an outer ramp in the deeper part of the depositional environment. This setting is characterized by significant accumulation of mud, fine-grained components, reworked open marine bioclasts and pelagic fauna. 4) MF4 Mixed Bioclastic, Orbitolina, Micropeloid Wacke/Packstone Description: The facies is a mixture of various bioclasts (notably echinoderm, rudist, green algal, and mollusk debris) and orbitolina in a pelmicritic matrix. Foraminifers (Textularia and Choffatella) are also present as associated grains. In some cases, Orbitolina form main parts of the grains, but micropleoids occur in micritic matrix. It consists of variable textures ranging from wackestone to packstone. Bioturbation is common in the facies. Limestone is the main lithology of the facies, but minor argillaceous limestone is also present. Pyrite, glauconite, dissolution seams and cementation are the main diagenetic products and processes of the facies. Dolomitization and fractures filled by calcite are other important diagenetic processes the facies (Figure 2(d) ).
Interpretation: The Orbitolina, a particular Lower Cretaceous element, flourishes in shallow tropical to subtropical waters, normal marine environments, and fore-reef areas. Its association with restricted marine biota (such as miliolids and green algae) suggests shallow water inner platform settings, whereas its assemblage with open marine fauna (like rudists and echinoderms) may indicate deeper, opener waters [20] [21] . The facies is deposited in the open marine settings with moderate energy and normal salinity [15] [16] .
In addition, sedimentary criteria (texture and bioturbation) and facies association suggest that the facies is commonly deposited in a proximal mid-ramp setting and also in ramp margin environment.
5) MF5 Sponge Spicule, Echinoderm, Bioclastic Mud/Wackestone Description: The facies is characterized by sponge spicules (clacisponges), echinoderm debris, and thin shelled bioclasts (pelagic mollusk such as bivalves and gastropods). Brachiopod spine and various foraminifers (such as Cyclaminid Textulariid, Valvulinid, Hedbergella) are subordinate constitutes. It has mud-dominated texture (mudstone and wackestone) and limestone to dolomite lithology with cream color. The facies is heavily bioturbated (mottled fabric) and trace fossils are relatively common. Lamination also occurs. Dolomitization, dissolution seams and cementation (fracture filling and mold-filling) are notable diagenetic features in the facies. Opaque minerals (pyrite) are rarely recorded (Figure 2 
(e)).
Interpretation: Calcareous sponges or calcisponges live in the shallow open marine environments (10 to 100 m water depth) with normal salinity [22] . The mud-dominated texture with well-preserved thin-shelled mollusk suggest a low-energy and relatively deep depositional environment [16] . The co-occurrence of brachiopod debris and pelagic foraminifers support this interpretation. Accordingly, the assemblage of calcisponges, echinoderms, and pelagic mollusk with extensive bioturbation illustrates the deposition in a mid-ramp setting. Calcisponges have the ability to produce hard reefal skeletons. They also may trap lime mud sediments, forming either mud mounds or algal-spongy reefs [20] . Some patch reefs have probably flourished on the Dariyan plat-form.
6) MF6 Foram, Peloid, Bioclastic Pack/Grainstone Description: The facies, with variable thickness, is mainly composed of foraminifers, peloids, and skeletal grains. Foraminifers include Orbitolina, Valvulinid, Miliolid. Peloid and uncertain grains (highly micritized bioclasts or intraclast) are present with various frequencies. Peloids can be abundant as well as bioclasts in some cases. Echinoderm, algal and rudist debris are the main bioclasts. The texture of facies is calcarenite (biosparite) or grain dominated (packstone and grainstone). Massive structure is common. Bioturbation is also present. Cross-bedding was not observed. It appears in cream and belongs to limestone lithology.
Cementation (sparry calcite), fracturing (filled by calcite cements), and compaction are the main diagenetic features of the facies. In some cases, the facies forms crashed zones of the studied formation (Figure 2(f) ).
Interpretation: Considering the facies texture (dominance of bioclasts and low abundance of micrite), the facies is deposited in the high energy settings. It is probably accumulated in bioclastic shoals, as longitudinal bodies parallel to the shoreline, situated over the ramp margin [15] [16] . The shoal area is characterized by extensive marine cementation. These bodies are developed during the highstand sea level [23] . Shoal constituent grains may be derived from both back-shoal or lagoon (such as micritized grains, oncoid, and algal debris) and fore-shoal (orbitolina and echinoderm debris) settings.
Therefore, based on the particle assemblages and their origin, the facies can be divided into three sub-facies or facies zones (back, central, and fore shoal).
7) MF7 Sandy, Foram, Echinoderm Pack/Wackestone Description: The facies is a packstone to wackestone containing echinoderm, foraminifer, and quartz sand grains. Various bioclasts (mainly echinoderm and also rudist, algal, and mollusk debris) and foraminifers (Textulariid, Orbitolina, Choffatella) are associated with the facies.
Quartz sands, as extraclasts, have more than 5% frequency in some cases. The lithology of the facies is commonly argillaceous limestone (relatively high GR log readings). Bioturbation is common. Glauconite, pyrite, and fish debris are the accessory components. Compaction is the main diagenetic feature of the facies (Figure 2(g 
)).
Interpretation: According to depositional texture and fauna type, the facies is developed in the moderate energy and open marine depositional settings. The admixture of restricted (algal debris and foraminifers) and open marine (echinoderm and rudist debris) fauna with extraclast grains (quartz sands) indicate that grains of the facies are derived from various sources such as landward, lagoon, and open marine settings. Detrital minerals (e.g. terrigenous quartz) are transported from landward settings. The facies corresponds to SMF-4 of Flugel (2004) and it is deposited in the submarine channels (or re-sedimented deposits) of shallow to deep depositional settings (lagoon toward mid-ramp environments).
8) MF8 Foram-Algal Floatstone/Wackestone Description: The most characteristic component of the facies is large Lithocodium aggregatum clasts (green algae sensu) [24] , associated with various large and small foraminifers (Orbitolina, Miliolids, Valvulinid) and oncoids. Other bioclasts are ostracods, algal debris (Salpingoporella), gastropod, and echinoderms debris. The texture is mud-dominated and it shows transitions between floatstone and wackestone. The lithology ranges from limestone to dolomitic limestone, and it is cream in color. Bioturbation is also seen in slabbed core surfaces. Fracturing (filled by calcite), cementation, and dolomitization are notable diagenetic processes in the facies (Figure 2(h) ).
Interpretation: The Lithocodium-rich facies (or patch reefs) are important components of certain hydrocarbon bearing carbonate reservoirs in the Middle East [25] .
According to many authors [24] [26] [27] , Lithocodium aggregatum is a depth indicator (representing 10 to 20 m) and occurrence of this flora suggests the shallow-water settings (such as inner ramps) above fair-weather wave base. On the other hand, the micritic matrix of Lithocodium indicates low palaeocurrent velocities (less than 10 cm/sec), and it is more likely to have been in warm, fully marine, well oxygenated mid ramp (15 to 60 m) [28] . They are developed in deep marine lagoonal environments behind rudist banks [29] . This is supported by presence of large foraminifera (such as Orbitolina and Cyclaminid), which flourish in shallow, normal marine environments and fore-reef areas [20] .
The floatstone texture (large, insitu lithocodium fragments with symbiont) suggests the existence of small patch reef or algal mound on the Dariyan carbonate platform. The association of lithocodium and large foraminifers indicate deposition in the shallow, photic inner ramp (open lagoon to open marine) environments. 9) MF9 Bioclastic, Coated Grain Wacke/Packstone Description: The main allochems of the facies are coated grains (oncoids and peloids) and bioclasts (such as echinoderms, algae, bivalves, gastropoda, ostracoda, rudist debris, and forams). The oncoids contain large bioclastic nuclei (e.g. rounded bivalves and echinoderms) with a thick cortex (algae), and they reach up to 40% frequency in some cases. They are several millimeters in size. Foraminifers include small and large benthic forms (Textulariid, Valvulinid, Choffatella, and Miliolida). Orbitolina is very rare or absent.
Depositional textures of the facies range from wacke-to packstone. Lithologically, the facies ranges from limestone to dolomite, dolomitic limestone and argillaceous limestone. Bioturbation is common structure in the facies. Micritization, cementation, fracturing (filled by calcite), dissolution and dolomitization are characteristic diagenetic processes in the facies (Figure 2(i)) .
Interpretation: The oncoids are interpreted as having been deposited in a light-penetrated and shallow-water environment. The thick cortex of oncoids and depositional textures suggest that water energy ranges from low to moderate levels. The oncoid bearing facies are common in the back-reef or shoal settings [15] [30] .
Moreover, the facies textures as well as presence of peloid and oncoid indicate low to moderate depositional energy. Thus, the occurrence of a typical lagoonal skeletal fauna including green algae, miliolida, gastropoda, and benthic foraminifera and absence of open and deep marine indicative fauna suggest that the facies is formed in the lagoon environment in the inner ramp setting.
10) MF10 Laminated Shale/Silty Shale Description: The facies is defined based on shale lithology and lamination (fissility) structure. The silty laminations and sand grains are also seen in the facies. It has a brown to grey color in the core samples. The facies is barren of fossils, but rarely could unknown bioclasts be detected. It contains relatively high amounts of organic matters. The sideritic nodules and pyrite minerals (both as burrow fillings) are common in the facies. The facies is associated with relatively high readings of GR-log (Figure 2(j) ).
Interpretation: Considering the sedimentological characteristics, sedimentation of the facies occurred in low energy conditions, such as prodelta settings where sediments were deposited mostly from suspension load. Paucity of marine fauna and limited bioturbation in prodelta sediments is explained by stressful conditions with abundant suspended sediments and a mix of marine and fresh waters [31] . Presence of pyrite and glauconite and preservation of organic matters (lacking of oxidic phases and existence of dark color) in the clayey matrix suggest the reducing conditions during the deposition. Finely laminated claystones and silty claystones are typical in a prodelta environment of modern deltas [31] - [33] .
11) MF11 Ooid/Sandy Ironstone Description: The facies is ooid and quartz sand bearing ironstone (probably siderite). Quartz sands and silts (with up to 35% frequency) are commonly scattered in the matrix. Unrecognizable bioclasts, altered during diagenesis, are rarely present. Bioturbation and burrow filling are also seen in the facies. The facies shows typically brown to cream color on the cores. Dissolution and compaction are common diagenetic features (Figure  2(k) ).
Interpretation: The ooilitic ironstones are present in non-marine sandstones, mainly in deltaic systems [34] - [36] . These sediments are dominant in Delta fronts, particularly in warm, tropical, river-dominated deltas (Morad, 2010). Such deposits are developed in the suboxic conditions (high Fe pore waters and negligible sulfide production), where the rates of the sediment supply and accumulation are low [34] . Following the model of Dalrymple et al. (1992) [37] , the facies is interpreted to have formed in an estuarine environment or proximal Prodelta.
12) MF12 Bioturbated and wavy bedded Siltstone/Sandstone Description: The facies is greenish-grey color siltstone to sandstone containing intense bioturbation, trace fossils and a wavy bedding structure. Sands are very fine to fine in sizes. Silt to sand-grade grains are majorly quartz (Quartz wacke to Quartz arenite). It contains variable amounts of clay size materials as matrix (less than 30 percent). The facies is commonly moderate to well-sorted and has sub-angular to rounded sand grains. Textural maturity may be ranging from immature to mature. The facies is barren of fossil but horizontal burrows are recognized as common ichnofossils. Occasionally, pyrite and sideritic ooids are also present (Figure 2(l) ).
Interpretation: The sandstone lithology indicates a period of sea-level lowstand as well as a strong input of quartz sands. High sand input of red-stained siliciclastics may indicate proximity to the shore line settings. Extensive horizontal bioturbation, wavy bedded, grain-rich nature, and erosional contacts point to the sedimentation in a subaqueous bar in a deltaic system [32] [35] [36] .
These sediments are generally coarser than those in prodelta deposits (MF10) and suggest an increasing proximity to river sources [32] [33] . Due to the thin sections, the study of Soroush facies was conducted in this well (Figure 3) , and the frequency of each facies in the studied well is as follows:
According to the pie chart diagrams (Figure 4) , the most abundant facies is number 4, and then facies 1, 6, 9, 10, and 2, 5, 8, and 12 and finally 3 and 7 are in the next priorities respectively. Facies 11 has the lowest frequency. Consequently, in this well, 49 percent of the total frequency belongs to basin, outer ramp and mid rap, whereas 35.5 percent belongs to inner ramp (shoal and lagoon) and 15.5 percent has deltaic facies. Totally, the facies of shallow and deep areas in the studied well is almost identical.
Sedimentary Environment
Explaining ancient Sedimentary environments requires recognition and careful description of the facies. In this study, the models of ancient sedimentary carbonate ramp Dariyan were determined after the facies had been identified and placed in the position. To fulfil such a goal, there was also a comparison with modern environments and their relevant references [15] The Aptian was a time of particular abundance and blooming of the Orbitolina large foraminifers (also blooming of green algae) in the carbonate platforms. Therefore, the Dariyan Formation is characterized by thick-bedded Orbitolina-rich and mud-dominated facies, which are overlain by Upper Shuaiba and Burgan clastics.
Facies analysis in the Dariyan Formation in the SR#A indicates that this formation is mainly deposited on the deltaic system, carbonate ramp to shallow intra shelf basin settings. In addition, studies reflect facies changes that indicate the dominance of tectonic and climate controls (sea level fluctuations) during deposition of these successions. All interpretations are confirmed by results from van Buchem et al. (2010) .
The Lower Dariyan carbonate ramp is dominated by photozoan carbonate producers (diverse green algae, oncoid, and symbiont-bearing larger foraminifera). Facies diversity is relatively high in this interval in comparison with the Upper Dariyan carbonates. Algal mounds and bioclastic shoals are well-developed in this platform. These facies and assemblages suggest the shallow, warm and tropical-sub tropical carbonate factory in a carbonate ramp without major terrigenous input.
In contrast, green algae have not flourished in the Upper Dariyan carbonates. Additionally, our studies show that shoal and oncoid-bearing facies are not developed in this part of formation.
The peritidal facies are not seen in the landward portion of the Upper Dariyan ramp. The poor development of light-dependent flora could result from the decrease in water transparency during clastic input. It seems that the landward section of the Upper Dariyan ramp is strongly influenced by siliciclastics input, triggered by the falling sea level. These clastics were mainly derived from the west, in Arabian Shield [45] . Increasing terrigenous input may have been related to a change in humid climatic conditions (high rainfall) in the hinterland. In the middle part of the Dariyan Formation, the shallow lagoonal and shoal facies with meteoric diagenetic signatures are immediately replaced by pelagic marls (Kazhdumi Tongue). This rapid deepening trend has been interpreted as a result of sedimentation in the intrashelf basin. The low frequency and diversity of pelagic fauna in these marls suggest that the basin has not very deep basinal conditions (approximately 135 m) [44] . The basin, Kazhdumi intrashelf, was formed by activation of Kazerun and Hendijan faults in the Aptian [44] . Table 1 and Figure 5 depict the locations specified in the well under study and the microfacies in Soroush oilfield within different sedimentary environments.
Determination Electrofacies
With respect to the fact that, the main purpose of determining the facies is determination of reservoir units, the reservoir logs will be inserted in the system. Accordingly, reservoir logs are noticed and gamma ray log plays an important role in investigation of shale effects.
Then, GR, PHIE and SWE will be selected as entered logs to Geolog and after that the following logs will be traced (Figure 6 ). After data training, in order to identification of electrofacies, MRGC method was applied in Facimage (Geolog) and KNN algorithm was used to do cluster analysis and define electrofacies (Figure 7) .
Regarding the electrical facies determination and diagrams on the Soroush field (Figure 8) , it was observed that in the electrofacies, which are demonstrated with dark blue color, shale volume was very high and poor in reservoir quality. The shale volume of the green electrofacies was very high mainly and porosity was low and poor in reservoir quality. Yellowish green electrofacies is mainly composed of calcite with low shale volume and so poor porosity in reservoir quality. Yellow electrofacies mainly has calcitic with low shale volume and moderate porosity; it has average reservoir quality as well. Red electrofacies is mainly calcitic with a poor shale volume; porosity is high and within the other facieses has the highest volume reservoir quality. Consequently, from the reservoir qulality point of view, it is possible to classify the determined electrofacies to 3 classes:
-Poor in reservoir quality (facies in dark blue, green andyellowish green).
-Moderate reservoir quality (facies in yellow).
-Good reservoir quality (facies in red). 
Comparison of Microfacies and Electrofacies
Electrofacies with dark blue, green, and yellowish green colors, which are poor in reservoir quality, are matched with microfacies 1, 2, 3, 7, 10 and 11. Electrofacies in yellow, which has a moderate reservoir quality, is correlated with microfacies 4 and 6. The red lectrofacies, which has the highest reservoir quality, is correlated with microfacies 5, 8, 9 and 12 ( Figure 9 ). Figure 9 . Correlation of microfacies and electrofacies.
The comparision between microfacies and electrofacies that were identified in the studied well indicated that in Soroush field facies of deep basin areas (outer ramp and open marine) are mainly poor in reservoir quality. Middle ramp facies, divided into two species of rich facies Orbitolina, have average reservoir quality, while Sponge facies have high reservoir quality. Shoal facies have average reservoir quality, while inner ramp facies (Lagoon) that were divided into two species of sandy calcitic facies are poor in reservoir quality. In contrast, other lagoon facies have high reservoir quality, and mainly the clastic facies for deltaic region, except bioturbated sandstone, are poor in reservoir quality.
Reservoir Characterization and Rock Typing
Reservoir rock characterization, classification, and ranking are essential steps in reservoir studies. Identification of major rock types of the reservoirs is the main objective of this analysis. Rock types have similar depositional and diagenetic history with unique reservoir properties and are building blocks of geological models. Here, we used an integrated approach for characterization and rock typing of the Dariyan Formation. In this approach, firstly hydraulic flow units (HFU) were identified using a flow zone indicator [46] - [49] .
In second step, the relationships between petrographical and petrophysical properties for each facies were evaluated based on porosity-permeability crossplots.
Finally, we established the relationships between reservoir properties of facies and HFU's (rock types). Based on these studies, all samples of SCAL and NMR were selected. This method is detailed below and the results were analyzed and then compared.
Hydraulic Flow Unit (HFU) Determination Using a Flow Zone Indicator (FZI)
A flow unit is defined as a volume of rock in which the pore-throat properties of the porous medium, which govern the hydraulic character of the rock, are both consistently predictable and significantly different from those of other units [47] - [52] . A reservoir may be divided into flow units to describe its performance when it is subject to different production schemes, and the subdivision can be made from either geological or engineering standpoints. However, in order to understand and model the spatial distribution of reservoir characteristics, 1D engineering data should be integrated with 3D geological data [52] .
Discretizing the reservoir into units, such as layers and blocks, and assigning values of all pertinent physical properties to these units will improve understanding of the reservoir's heterogeneity. The Hydraulic Unit concept [50] can be used to divide a reservoir into distinct petrophysical types, each with a unique Flow Zone Indicator (FZI) value [53] . Kozeny (1927) and Carmen (1937) [54] [55] simulated a porous medium as a bundle of capillary tubes that combine Darcy's law for flow in a porous medium and Poiseuille's law for flow in a tube. In order to describe the relationships between porosity and permeability, a tortuosity factor was included because in reality connected pores are not straight capillary tubes.
Kozeny is one of the most fundamental and famous equations which defines permeability as a function of porosity and specific area, the extended equation Kozeny-Carmen is as below:
If permeability is in terms of millidarcy, the following parameter can be introduced:
In which RQI is the index quality of the reservoir, Qz as is defined as the portion of the pore volume to the grain volume: 
Rock Typing in the Dariyan Formation
Based on the FZI method, we defined four HFU's or rock types in the Dariyan Formation of Soroush Field (SR#A). Table 2 gives the various HFU's, FZI values, and mean poroperm values of all rock types. These rock types ranked in various reservoir qualities (from poor to good). Aporosity/permeability cross-plot of various rock types is presented in Figure 10 .
To elaborate on relationships between facies types and reservoir quality, we correlated facies and core poroperm data. Arithmetic and geometric means of porosity and permeability are calculated for each facies and presented in Table 3 . The main results from the correlation of facies types and their poroperm values can be summarized as follows. a) Porosity ranges from nil to approximately 30% and permeability varies from zero to 10mD or all facies. b) Some facies have good reservoir properties and it seems that they are not important as reservoir rocks. As well, they do not show oil staining in core samples. These are MF-1, MF-2, MF-3, MF-7 and MF-10.
c) The Orbitolina-rich facies (MF-4 and) show moderate porosity, low to moderate permeability, and moderate oil staining.
d) The MF-5 (Sponge spicule bearing facies) abnormally shows high porosity and moderate permeability (1-10 mD). There is not a significant level of visible porosity in the thin sections of the facies. It seems that micro-porosity is important pore type in the facies. e) Exept for MF-6, MF-8 and MF-9 display relatively moderate to good reservoir properties. f) Sandstone facies (MF-11 and MF-12) and ironstones indicate moderate to good reservoir properties but only MF-12 contains good oil staining.
Tectonic Setting
Dominant structural trend in Persian Gulf foreland basin province is NW-SE, but Soroush oilfield has got east-west trend. Based on previous work on the neotectonic regime in Iran [56] , Zagros in south Iran is the most active zone [57] - [59] . Then, Alborz [60] - [62] and Central Iran [63] [64] have been situated in the next orders. From neotectonics point of view, Persian Gulf is a peripheral foreland basin that formed on the northeastern part of Arabian plate's passive margin. Persian Gulf has continued to end of Mesopotamian area in central Iraq and have named Persian Gulf-Mesopotamian foreland basin. Persian Gulf-Mesopotamian foreland basin is north margin of internal platform of north margin of Arabian craton [65] . Therefore, trend of Soroush oilfield has been followed from the old extensional E-W Tethyan Trend [66] . It is one of the major basement fault trends that controls salt tectonism in the Persian Gulf basin. 2) According to the pie chart diagrams 49 percent of frequency belongs to basin, outer ramp, and mid ramp facies, whereas 35.5 percent belongs to inner ramp (shoal and lagoon), and 15.5 percent belongs to deltaic facies. In total, the facies of shallow and deep parts of basins are virtually identical.
Conclusions
3) The static model of the field indicates that there was a carbonate ramp with well-developed shoal and algal mound facies during deposition of lower carbonates. This depositional setting is modified to intra shelf basin by tectonic activities causing the deposition of the middle marls (Kazhdumi tongue). Sea level fall in humid climate made a carbonate ramp with marginal deltaic system extend during deposition of upper carbonates and clastics of the Dariyan Formation. Overall, our studies indicate that depositional setting of the Dariyan Formation was strongly affected by climate and tectonic activity. 4) 5 electrofacies by neural network method and based on the Flow Zone Indicator (FZI) method, four Hydraulic Flow Units (HFU) or rock types were defined in the Dariyan Formation.
5) Correlation between microfacies and rock types reveals that all inner ramp facies (shoal and lagoon facies) display relatively moderate to good reservoir properties except sandy calcitic facies. And bioturbated sandstone of the upper Dariyan has high reservoir quality.
